Objective The objective of this study was to estimate whether the decision-toincision (DTI) time for cesarean delivery (CD) is associated with differences in maternal and neonatal outcomes. Methods This analysis is of data from women at 25 U.S. medical centers with a term, singleton, cephalic nonanomalous gestation and no prior CD, who underwent an intrapartum CD. Perinatal and maternal outcomes associated with DTI intervals of 15, 16 to 30, and > 30 minutes were compared. Results Among 3,482 eligible women, median DTI times were 46 and 27 minutes for arrest and fetal indications for CD, respectively (p < 0.01). Women with a fetal indication whose DTI interval was > 30 minutes had similar odds to the referent group Ã See Appendix for a list of other members of the NICHD MFMU Network.
As the focus on patient safety has become more pervasive, there has been increasing use of quality indicators in obstetrics. 1 One indicator that has potential value is the rapidity with which a health care team can respond to a patient need.
An example of such a measure is the "door-to-needle time" for individuals with a stroke in need of thrombolysis. 2 The value of this measure has been supported by evidence that individuals treated within a targeted time frame have better outcomes.
3,4
In obstetrics, a time-to-treatment measure that has been used as an assessment of the adequacy of health care delivery is the time from decision to incision for cesarean delivery (CD) (i.e., the decision-to-incision [DTI] time). Specifically, a 30-minute DTI frequently has been used as a benchmark to indicate whether an intrapartum CD was performed in a timely fashion. 5 However, in contrast to the "door-to-needle" measure, there are little data to support that either the women or the neonates delivered within this targeted time frame have better outcomes. Instead, this standard was based on data from surveyed hospitals throughout the United States that were queried about the minimal time requirement to initiate CD in their facility. 6 The studies that have been done in an effort to assess this standard and the association of DTI times with obstetric outcomes have had limitations including singlecenter or small populations, 6-10 the mixture of a wide variety of cesarean indications (including arrest disorders and nonreassuring fetal status), [6] [7] [8] [9] [10] and uncertainty regarding actual decision times for the intrapartum CD
10,11
The Assessment of Perinatal Excellence (APEX) study was a multisite observational study of more than 100,000 women in which trained research personnel abstracted detailed labor data, including decision and incision times. 12 The objective of the present analysis was to use this detailed dataset to estimate whether a DTI time within 30 minutesor some other time interval-was associated with differences in maternal or neonatal outcomes.
Methods
This was a secondary analysis of the APEX study, an observational cohort of 115,502 women and their neonates who were born in 25 medical centers of the Eunice Kennedy Shriver National Institute of Child Health and Human Development Maternal-Fetal Medicine Units Network. Between 2008 and 2011, detailed information regarding patient characteristics, intrapartum events, and pregnancy outcomes were collected on all deliveries at these hospitals on randomly selected days representing one-third of deliveries over the study period.
Included in the abstraction were the decision and incision times for CD, as well as detailed information on the intrapartum course and indications for women undergoing CD. With regard to decision time, the abstractors were directed to find and record the date and time in the medical record when it was first recorded that the decision to proceed with a cesarean had been made. After all centers obtained Institutional Review Board approval under a waiver of informed consent, charts were abstracted by trained and certified research personnel. Full details of the technique of data collection have been described previously.
12
Women were considered eligible for this analysis if they had a term, singleton, nonanomalous gestation in the cephalic presentation and no prior CD, intended to labor in the current pregnancy (e.g., did not have the indications for cesarean such as human immunodeficiency virus, active herpes, placenta previa, or prior myomectomy), and subsequently underwent an intrapartum CD. Women were excluded if they presented to labor and delivery with nonreassuring fetal status, as it could not be known for what duration of time the nonreassuring status had existed (i.e., it could not be known at what time a decision for cesarean would have been made if the patient had been observed prior to the onset of nonreassuring fetal status). Similarly, women were excluded from analysis if the indication for cesarean was an abruption or cord prolapse, as these two indications were felt to be so emergent that assessment of longer DTI times was considered both to lack clinical meaning and to inextricably confound the association with neonatal outcome. Finally, data from women in whom either the time for decision for cesarean or incision at cesarean was lacking in the medical record, or in whom the DTI time was so long as to be unlikely in actuality (defined as greater than 3 hours) were not included in analysis.
For the analysis, women were stratified according to whether the primary indication for the intrapartum cesarean was an arrest or fetal (i.e., nonreassuring fetal status) disorder. An adverse neonatal composite outcome was used as the primary outcome, and was determined to have been present if any of the following occurred: arterial umbilical cord pH < 7.0, 5-minute Apgar <5, hypoxic-ischemic encephalopathy, seizures, or death. An adverse maternal outcome was also established, and determined to be present when any one of the following occurred: diagnosis of postpartum hemorrhage, estimated blood loss > 1,000 mL, blood transfusion, endometritis, wound infection or separation, operative injury, or hysterectomy. The frequencies of cesarean deliveries in specified DTI time intervals for the sample were determined. For the initial analysis, DTI times were grouped according to a priori categorizations: 15, 16 to 30, and > 30 minutes. Characteristics of women who delivered within these different time intervals were compared, as were the adverse neonatal and maternal outcomes. Comparisons of continuous data were performed using the Wilcoxon's test, while those of categorical data were performed using the chi-square test. Odds ratios (ORs) and 95% confidence intervals (CIs) were estimated for the composite outcomes; exact methods were used for comparisons involving sparse data. SAS software was used for the analyses. All tests were two tailed and p < 0.05 was used to define statistical significance. No imputation for missing data was performed.
Results
Data on 115,502 women were abstracted for the APEX study. Once inclusion and exclusion criteria were applied, 3,907 women underwent intrapartum CD of a vertex fetus at term, of whom 3,482 (89%) had the requisite data available for analysis (►Fig. 1). Characteristics of the study population are Fig. 1 Flow diagram of the study population. DTI, decision-to-incision time; EGA, estimated gestational age. 
The median DTI times were 46 minutes (interquartile range: 34-66) for women with arrest indications and 27 minutes (interquartile range: 16-40) for women with fetal indications for CD (p < 0.01). Although this median time was shorter for women undergoing CD for fetal indications, a substantial proportion in both groups (83% for arrest indications and 41% for fetal indications) had DTI times that exceeded 30 minutes. To aid in clinical translation, DTI times were grouped in 15-to 30-minute intervals; the frequency of cesarean deliveries in these prespecified time intervals are presented in ►Table 2.
The frequencies of the adverse composite neonatal and maternal outcomes, as well as of individual outcomes contributing to the composite outcomes, for each DTI time interval (i.e., 15 minutes, 16-30 minutes, and > 30 minutes) stratified by indication for cesarean, are presented in ►Table 3.
Given the low frequency of individual outcomes, ORs and 95% CIs, using the 16-to 30-minute interval as the referent category, are presented only for the composite outcomes (►Table 4). Even after stratification by indication for cesarean, DTI time that exceeded 30 minutes was not associated with worse outcome compared with DTI time between 16 and 30 minutes. Conversely, for women with an arrest indication, neonates delivered after a longer DTI had a lower composite morbidity and for women with a fetal indication, neonates delivered after a shorter DTI had a higher composite morbidity.
Comment
In this analysis, we have demonstrated that a substantial portion of women who underwent intrapartum cesarean have a DTI time that exceeded 30 minutes. This is evident regardless of whether their cesarean was for arrest or fetal indications. Moreover, we could not demonstrate that longer DTI times were associated with worse maternal or neonatal outcomes.
This analysis supports and extends the findings of prior studies regarding DTI intervals for CD. For example, Tolcher et al, based on summary data from a systematic review and meta-analysis of such studies, concluded that 40% of incisions were performed more than 30 minutes after the decision to proceed with intrapartum CD had been made. 10 Those investigators also concluded-as had prior individual studies-that the 30-minute interval was not clearly shown to be associated with neonatal morbidity. Indeed, neonates delivered within 30 minutes had worse 5-minute Apgar scores and umbilical artery pH levels; even after analysis was restricted to the most emergent cases, no difference in neonatal outcome was seen based on differences in DTI interval. Although many analyses have evaluated the DTI times in association with neonatal outcomes, comparatively little study has been devoted to the maternal consequences of shorter DTI intervals. Some investigators have postulated that particularly rapid approaches to surgery could increase morbidity for the mother. Moroz et al, for example, studied incision-to-decision times among women who were undergoing a trial of labor after cesarean and found that particularly short times (i.e., 2 minutes) were associated with an increased risk of maternal complications. 13 In contrast, in the analysis by Bloom et al, maternal complications did not appear to increase at DTI times of more than 30 minutes.
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This article extends the prior findings to a large and demographically diverse population that was from geographically disparate centers and whose intrapartum circumstances were well characterized. Prior studies often have grouped studies with widely different indications, including overtly emergent ones (e.g., cord prolapse) with less emergent ones (e.g., less emergent nonreassuring fetal status or arrest of dilation), or have been unable to characterize accurately the indication for cesarean.
6-10 Accordingly, one reason prior studies may have not found associations between DTI and neonatal outcomes is the potential for confounding by indication; namely, that the cesareans in which the fetus is at greatest risk are done the most rapidly, thereby leading to shorter cesareans being associated with worse outcomes. In this study, we excluded women with the most overtly emergent cesareans, and due to chart abstraction by trained personnel, were able to accurately determine the DTI as well as the indication for cesarean. Also, we did not adjust for demographic factors that are not actual confounding factors, such as body mass index, but are more likely on the causal pathway; adjusting for these may cause collider bias and obscure an association with DTI time and outcome that might exist. Nevertheless, we were also unable to find that exceeding the 30-minute interval was associated with worse outcomes, or that any interval in particular served well as an evidence-based demarcation of best care. Although one could claim that it must always be better to do cesareans more quickly, there are dangers with the reflexive use of 30 minutes as a standard unsupported by evidence, in that potential maternal risks as well as other unintended consequences may be incurred in any setting, given that resources such as operating rooms are not infinitely expandable and events occur unpredictably. Accordingly, the best outcomes are more likely to be obtained by prudent triage rather than a universal standard.
